POLYESTER FIBERS FOR RUBBER 
REINFORCEMENT AND DIPPED CORDS USING SAME 



FILED OF INVENTION 
5 The present invention relates to polyester fibers applied to industrial 

materials such as tire cords, V-belts, conveyor belts and hoses, particularly to 
polyester fibers used for rubber reinforcement, and dipped cords using the 
same, where dipped cords have high modulus and low shrinkage and exhibit 
excellent tenacity conversion efficiency in the dip treatment. 

10 

BACKGROUND OF THE INVENTION 
Polyester fibers are excellent in mechanical properties, dimensional 
stability and endurance, and therefore, they have been widely used not only 
for clothing applications but also for industrial applications, particularly for 

15 rubber reinforcement of industrial materials such as tire cords, V-belts, con- 
veyor belts and hoses. For tire cord applications, the use of radial tires for 
automobiles has been advanced, so that there have been requested comfort- 
able feeling and excellent driving stability in the high-speed running as well 
as lightweightness for the reduction of fuel consumption. Therefore, fibers 

20 having high modulus and low shrinkage and further having high strength 
have been strongly requested as dipped cords for carcass plies. 

For the preparation of polyethylene terephthalate fibers having these 
excellent characteristics, there has been known a process comprising melt 
spinning polyethylene terephthalate, followed by taking up at a relatively 

25 high spinning speed of 1000 to 3000 m/min to give a high oriented undrawn 
yarn having a birefringence of 0.02 to 0.07, what is called POY, and then heat 
drawing the POY at a low ratio of 1.5 to 3.5 (hereinafter referred to as the 
POY method). The polyester fibers prepared by such a process are very 



excellent as a technique of attaining high modulus and low shrinkage, in 
comparison with high strength fibers prepared by a process comprising melt 
spinning, followed by taking up at a low spinning speed of 1000 m/min or 
lower to give a low oriented undrawn yarn having a birefringence of 0.01 or 
5 lower, and then heat drawing the undrawn yarn at a high ratio of 4 to 7 
(hereinafter referred to as the UDY method). 

However, the polyester fibers obtained by the POY method, although 
they have excellent characteristics as described above, have apparently low- 
er strength and breaking elongation than the polyester fibers obtained by the 
10 UDY method, and when the fibers have low breaking elongation in such a 
manner, a decrease of tenacity becomes great in the twisting and in the dip 
treatment, so that the resulting cords have low tenacity which is insufficient 
as dipped cords. 

To comply with such a request, for example, in the Japanese Patent 
15 No. 2,569,720, high strength dipped cords exhibiting excellent tenacity con- 
version efficiency in the dip treatment are obtained by the use of a base yarn 
meeting the conditions that breaking elongation > 11% and toughness is 30 
to 36 g/d.% 0 5 (26.5 to 31.8 cN/dtex.% 0 5 ). For dimensional stability, however, 
these dipped cords cannot meet the level further requested in recent years 
20 for high modulus and low shrinkage, by which substitution for rayon may be 
taken into account. 

In the Japanese Patent No. 2,775,923, high strength dipped cords are 
obtained by the use of a base yarn meeting the condition that toughness > 
elongation at a specific load + dry heat shrinkage + 22.0. However, the 
25 dimensional stability of dipped cords is not expressly described in this patent 
publication, the level of which is therefore unknown. 
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SUMMARY OF THE INVENTION 
Under these circumstances, the present invention has been made to 
provide polyester fibers for rubber reinforcement and dipped cords using the 
same, by which substitution for rayon may be taken into account, where the 
5 dipped cords have high modulus and low shrinkage and exhibit excellent 
tenacity conversion efficiency in the dip treatment. 

Thus the present invention provides a polyester fiber comprising 
polyethylene terephthalate at 90 mol% or higher of a whole repeating unit in 
a molecular chain thereof, the fiber having an intrinsic viscosity [IV] of 0.85 
10 dl/g or higher and simultaneously meeting the following characteristics: 

(a) strength > 6.0 cN/dtex; 

(b) strength x (breaking elongation) 0 5 < 26.0 cN/dtex.% 0 - 5 ; 

(c) monofilament linear density < 5.0 dtex; and 

(d) main dispersion peak temperature of loss tangent (tan 8) in 
15 the measurement of dynamic viscoelasticity at 110 Hz < 147.0°C. 

The present invention further provides a polyester dipped cord, 
which is obtainable by twisting one or more than one base yarn together into 
a pretwisted yarn, where the base yarn is made of a polyester fiber according 
to any one of claims 1 to 4; twisting two or more pretwisted yarns together 
20 into a greige cord; and subjecting the greige cord to dip treatment to give a 
dipped cord simultaneously meeting the following characteristics: 

(a) tenacity conversion efficiency in the dip treatment (dipped 
cord tenacity / greige cord tenacity) > 96%; and 

(b) elongation at a specific load + dry heat shrinkage < 7.5%. 

25 

DETAILED DESCRIPTION OF THE INVENTION 
The polyester fiber used in the present invention should be made of 
polyethylene terephthalate at 90 mol% or higher of a whole repeating unit in 
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a molecular chain thereof and should have an intrinsic viscosity [TV] of 0.85 
dl/g or higher. The polyester fiber having an intrinsic viscosity [IV] of lower 
than 0.85 cannot meet basic characteristics as a rubber reinforcing material, 
including high strength and high endurance. From the viewpoint of work- 
5 ability such as properties in the yarn making, the polyester fiber may pre- 
ferably have an intrinsic viscosity [TV] of 1.10 or lower, more preferably 1.00 
or lower. 

The toughness as used herein is a measure corresponding to the 
toughness of polyester fibers {i.e., work load necessary for fiber breaking) 

10 and defined as strength x (breaking elongation) 05 . In the prior art, high 
strength dip-treated cords are prepared, for example, by the use of a base 
yarn having a breaking elongation of 11% or higher and a toughness of 30 to 
35 g/d.% 05 (26.5 to 31.8 cN/dtex.% 05 ) in the Japanese Patent No. 2,569,720 
and by the use of a base yarn meeting the condition that toughness > (elon- 

15 gation at a specific load + dry heat shrinkage) + 22.0 in the Japanese Patent 
No. 2,775,923. In these two publications, both patents are characterized in 
that a decrease of tenacity is reduced both in the twisting and in the dip 
treatment by making large the toughness of a base yarn to attain excellent 
tenacity of dipped cords. 

20 In contrast, the present inventors have extensively studied and as a 

result they have found a surprising fact that tenacity conversion efficiency in 
the dip treatment can be maintained on a very high level by the use of a 
polyester fiber having strength and elongation meeting the conditions that 
strength > 6.0 cN/dtex and strength x (breaking elongation) 05 < 26.0 

2 5 cN/dtex.% 0 5 , preferably strength x (breaking elongation) 0 5 < 25.0 cN/dtex.% 0 5 , 
more preferably strength x (breaking elongation) 0 5 < 24.0 cN/dtex.% 05 , and 
particularly strength x (breaking elongation) 0 5 < 23.0 cN/dtex.% 05 , and 
although the fiber has a very small toughness as compared with the prior art, 



the fiber simultaneously meeting the claimed characteristics (c) and (d), i.e., 
monofilament linear density < 5.0 dtex; and main dispersion peak tempera- 
ture of loss tangent (tan 5) in the measurement of dynamic viscoelasticity at 
110 Hz < 147.0°C. 

5 Thus the polyester fibers of the present invention exhibit very high 

tenacity conversion efficiency in the dip treatment and are therefore charac- 
terized in that even when a base yarn having decreased strength are used 
from the viewpoint of working stability, it is not necessary to abandon the 
tenacity of dipped cords finally required. 

10 Further, Examples in the Japanese Patent No. 2,569,720 involve the 

use of resin chips having an intrinsic viscosity [IV] of 1.3 to 1.8 to give a fiber 
having an intrinsic viscosity [TV] of 1.05 to 1.15 for the purpose of attaining 
the large toughness. In contrast, the present invention dissolves the prob- 
lems by the use of resin chips having an intrinsic viscosity [IV] of 0.95 to give 

15 a fiber having an intrinsic viscosity |TV] of 0.89 to 0.90. The present inven- 
tion is characterized in that viscosity is very low and a decrease of intrinsic 
viscosity is low at the spinning step as compared with the Japanese Patent 
No. 2,569,720. This makes it possible to provide an advantage of resin chips 
from the viewpoint of cost and to attain good workability because of difficulty 

20 in forming thermally deteriorated products in the melt extrusion for spin- 
ning. 

The monofilament linear density should be 5 dtex or lower for the 
purpose of meeting further high modulus and low shrinkage. When the 
monofilament linear density is higher than 5 dtex, high modulus and low 
25 shrinkage cannot be attained and tenacity conversion efficiency in the dip 
treatment cannot be maintained on a very high level. 

It is not clear why monofilament linear density makes a contri- 
bution to tenacity conversion efficiency in the dip treatment. This seems 
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because a difference of stress distribution in the monofilaments becomes 
small in the cooling and solidification at the spinning step to improve the 
uniformity of the core and skin layers of monofilaments. 

This action makes it possible to attain further excellent synergistic 
5 effect by setting the temperature of a cooling air in the spinning step at 50°C 
for higher, preferably 60°C or higher. 

The main dispersion peak temperature of loss tangent (tan 8) (here- 
inafter referred to as Toe) in the measurement of dynamic viscoelasticity at 
110Hz is a measure showing the degree of restriction in the amorphous chain, 
10 and lower T<x means weak restriction of the amorphous chain. 

For the purpose of attaining high modulus and low shrinkage, by 
which substitution for rayon may be taken into account, it should be met 
that Ta < 147.0°C. When Ta > 147.0°C, a base yarn has insufficient poten- 
tial to meet low shrinkage. Further, Ta shows good correspondence to the 
15 birefringence and specific gravity of an undrawn yarn, i.e., the degree of 
orientation and crystallization at the spinning step. Ta < 147°C, which is 
one of the claimed conditions, corresponds to the birefringence of an 
undrawn yarn > 0.075 and the specific gravity of an undrawn yarn > 1.355 
under the conditions of spinning, as shown in Examples, and means a region 
20 in which orientation and crystallization have highly progressed. 

The greige cord is prepared by twisting one or more than one base 
yarn together into a pretwisted yarn, where the base yarn is made of poly- 
ester fibers of the present invention, and twisting two or more pretwisted 
yarns together. The number of twists is not particularly limited, and the 
25 number of pretwists may be equal to or different from the number of final 
twists. 

The conditions of dip treatment in the present invention are also not 
particularly limited. As a preferred example thereof, it is desirable that 



multistep heat treatment is carried out in one bath or in two or more baths 
containing a treatment liquid composed mainly of resorcin-formalin-latex 
according to the ordinary method and further containing a chlorophenol-type 
carrier and an adhesive aid such as an epoxy or an isocyanate. Further, it is 
5 desirable that the temperature of heat treatment in the heat-set step and in 
the normalizing step is 210°C to 250°C. 

To maintain high dipped cord tenacity, tenacity conversion efficiency 
in the dip treatment should meet the condition that tenacity conversion effi- 
ciency in the dip treatment > 96%. Preferably, tenacity conversion effi- 

10 ciency in the dip treatment > 98%, more preferably > 100%. When tenacity 
conversion efficiency in the dip treatment is lower than 96%, the strength of 
base yarns should be increased to maintain high tenacity of dipped cords, 
which may cause a problem of decreased workability in the yarn making. 
Alternatively, when insufficiency of the tenacity of dipped cords is compen- 

15 sated by a technique such as increasing the cord pick density of a tire fabric 
or using a base yarn having higher linear density, this results in a disadvan- 
tage to lightweighting or cost reduction. 

Examples in the Japanese Patent No. 2,569,720 show the toughness 
of a base yarn ranging from 30 to 36 g/d.% 0 5 (26.5 to 31.8 cN/dtex.% 05 ), which 

20 is much higher than the toughness of a base yarn < 26.0 cN/dtex.%° 5 in the 
present invention; however, in Examples of the Japanese Patent, tenacity 
conversion efficiency in the dip treatment is no more than about 95% to 96%, 
from which it is clear how far tenacity conversion efficiency in the present 
invention is excellent. 

25 The elongation at a specific load + dry heat shrinkage is a measure 

showing the dimensional stability of a cord. The elongation at a specific 
load is a measure corresponding to the modulus of a cord. Lower elongation 
at a specific load means higher modulus. In other words, a smaller sum of 



elongation at a specific load and dry heat shrinkage means that a cord has 
both high modulus and low shrinkage. A division between elongation at a 
specific load and shrinkage is not particularly limited, but there is a proper 
balance depending upon the conditions of vulcanization and the applications. 
5 From such a viewpoint, a dipped cord, by which substitution for rayon may 
be taken into account, should meet the condition that elongation at a specific 
load + dry heat shrinkage < 7.5%. In the present invention, dimensional 
stability is remarkably improved as compared with Examples in the Japa- 
nese Patent No. 2,569,720 showing the elongation at a specific load + dry 
10 heat shrinkage of about 8.0%. 
Examples 

The present invention will hereinafter be further illustrated by some 
examples; however, the present invention is not limited to these examples. 
The values for various physical properties were determined by the following 
15 methods. 

Intrinsic Viscosity 

A polymer was dissolved in a mixed solvent of-para-chlorophenol and 
tetrachloroethane at a ratio of 3 : 1 to have a concentration of 0.4 g/dl, and 
the solution was measured for intrinsic viscosity at 30°C. 
20 Linear density 

According to the definition of JIS-L1017, a sample was left in a room 
with a temperature-humidity control at 20°C under 65% RH for 24 hours, 
and then measured for linear density. 

Tenacity and Elongation 
25 According to the definition of JIS-L1017, a sample was left in a room 

with a temperature-humidity control at 20°C under 65% RH for 24 hours, 
and then measured for tenacity, breaking elongation, and elongation at a 
specific load. The load for elongation at a specific load of a base yarn is 



defined by 4.0 cN x the standard linear density of a sample, and the load for 
elongation at a specific load of a greige cord and a dip-treated cord is defined 
by 2.0 cN x the standard linear density of a sample. The standard linear 
density of a cord is 2880 dtex, for example, in the case of 1440 dtex/2. 
5 Dynamic Viscoelasticity 

A sample paralleled to correspond to 500 dtex in an initial test length 
of 4.0 cm was measured at a frequency of 110 Hz under an initial load of 
0.009 cN/dtex at a temperature increasing speed of l°C/min from room tem- 
perature to determine the main dispersion peak temperature of loss tangent 
10 (tan 8). 

Shrinkage 

According to the definition of JIS-L1017, a sample was left in a room 
with a temperature -humidity control at 20°C under 65% RH for 24 hours, 
followed by heat treatment under no load in a drying machine at 150°C for 
15 30 minutes, and shrinkage was determined from a difference in test length 
before and after the heat treatment. 
Dimensional Stability 

The sum of elongation at a specific load and shrinkage as described 
above was taken as a measure of dimensional stability. 

20 Example 1 

A base yarn was prepared by spinning chips of polyethylene tere- 
phthalate having an intrinsic viscosity |TV] of 0.95 into filaments at a spin- 
ning temperature of 310°C from a spinneret with 336 holes at a controlled 
through-put so that the filaments came to have a linear density of 1440 tex, 

25 and the filaments were allowed to cool and solidify with a 1.0-m/sec cooling 
air at 70°C in a spinning cylinder and taken up at a spinning speed of 3400 
m/min (the undrawn yarn had a birefringence of 0.089 and a specific gravity 
of 1.368), and subsequently, drawing and heat treatment under relaxation 

9 



were carried out for the same undrawn yarn so that the base yarn came to 
have a strength of 6.9 cN/dtex and an elongation at a specific load of about 
5.5%. 

A greige cord was prepared by twisting two base yarns to have a 
5 linear density of 1440 dtex/2 and a twist number of 43 x 43 (t/10 cm). 

A dipped cord was prepared by dipping the greige cord into the first 
treatment liquid composed of a mixture of resorcin-formalin-latex (herein- 
after referred to as RFL) and "Vulcabond E" available form Vulnacs Corpo- 
ration, followed by drying in an oven at 120°C for 56 seconds and then heat 
10 treatment under tension to give an elongation rate of 4.0% in an oven at 
240°C for 45 seconds, and subsequently dipping the cord into the second 
treatment liquid composed of RFL, followed by drying in an oven at 120°C for 
56 seconds and then heat treatment under relaxation to give a relaxation 
rate of 2.0% in an oven at 235°C for 45 seconds. This is an example where 
15 the dimensional stability of the dipped cord was remarkably improved. 
Since tenacity conversion efficiency in the dip treatment was excellent, 
although the tenacity of the base yarn was lower, the tenacity of the dipped 
cord was higher than those of Comparative Examples 1 and 3. 
Example 2 

20 A dipped cord was prepared by the same production process as 

described in Example 1, except that drawing and heat treatment under 
relaxation were carried out for the same undrawn yarn so that the base yarn 
came to have a strength of 6.4 cN/dtex and an elongation at a specific load of 
about 5.5%. The constitution of the greige cord and the conditions of dip 

25 treatment were the same as described in Example 1. This is an example 
where the final tenacity of the dipped cord was adjusted similarly to those of 
Comparative Examples 1 and 3. Since tenacity conversion efficiency in the 
dip treatment was very excellent, the tenacity of the base yarn can be set 

10 



very lower, and as a result, it becomes possible to make an improvement both 
in dimensional stability and in workability. 
Example 3 

A dipped cord was prepared by the same production process as 
5 described in Example 1, except that the filaments were allowed to cool and 
solidify with a 0.8-m/sec cooling air at 70°C and taken up at a spinning speed 
of 3200 m/min (the undrawn yarn had a birefringence of 0.078 and a specific 
gravity of 1.356), and subsequently, drawing and heat treatment under 
relaxation were carried out for the same undrawn yarn so that the base yarn 
10 came to have a strength of 7.1 cN/dtex and an elongation at a specific load of 
about 5.5%. The constitution of the greige cord and the conditions of dip 
treatment were the same as described in Example 1. This is an example 
where the spinning speed used in Example 1 was slightly decreased and an 
improvement of the tenacity of the dipped cord was regarded as most 
15 important. 

Example 4 

A dipped cord was prepared by the same production process as 
described in Example 1, except that the spinneret was replaced by another 
one having 380 holes, the filaments were allowed to cool and solidify with a 

20 1.0-m/sec cooling air at 70°C and taken up at a spinning speed of 3200 m/min 
(the undrawn yarn had a birefringence of 0.080 and a specific gravity of 
1.360), and subsequently, drawing and heat treatment under relaxation were 
carried out for the same undrawn yarn so that the base yarn came to have a 
strength of 7.1 cN/dtex and an elongation at a specific load of about 5.5%. 

25 The constitution of the greige cord and the conditions of dip treatment were 
the same as described in Example 1. This is an example where mono- 
filament linear density was most decreased in Examples, and from a com- 
parison with Example 3, it can be found that a decrease of monofilament 
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linear density improves both the dimensional stability and tenacity conver- 
sion efficiency of the dipped cord. In Examples 1 to 4, it can also be found 
that smaller toughness or smaller Ta makes an improvement of tenacity 
conversion efficiency in the dip treatment. 
5 Comparative Example 1 

A dipped cord was prepared by the same production process as 
described in Example 1, except that the filaments were allowed to cool and 
solidify with a 0.8-m/sec cooling air at 70°C and taken up at a spinning speed 
of 3000 m/min (the undrawn yarn had a birefringence of 0.072 and a specific 

10 gravity of 1.347), and subsequently, drawing and heat treatment under 
relaxation were carried out for the same undrawn yarn so that the base yarn 
came to have a strength of 7.1 cN/dtex and an elongation at a specific load of 
about 5.5%. The constitution of the greige cord and the conditions of dip 
treatment were the same as described in Example 1. Ta was out of the 

15 claimed range, and as a result, both the dimensional stability and tenacity 
conversion efficiency of the dipped cord became insufficient. 
Comparative Example 2 

A dipped cord was prepared by the same production process as 
described in Example 1, except that the spinneret was replaced by another 

20 one having 250 holes, the filaments were allowed to cool and solidify with a 
0.8-m/sec cooling air at 70°C and taken up at a spinning speed of 3500 m/min 
(the undrawn yarn had a birefringence of 0.085 and a specific gravity of 
1.363), and subsequently, drawing and heat treatment under relaxation were 
carried out for the same undrawn yarn so that the base yarn came to have a 

25 strength of 6.9 cN/dtex and an elongation at a specific load of about 5.5%. 
The constitution of the greige cord and the conditions of dip treatment were 
the same as described in Example 1. The monofilament linear density was 
out of the claimed range, and as a result, the tenacity conversion efficiency of 
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the dipped cord became insufficient. 
Comparative Example 3 

A dipped cord was prepared by the same production process as 
described in Example 1, except that the spinneret was replaced by another 
5 one having 250 holes, the filaments were allowed to cool and solidify with a 
0.8-m/sec cooling air at 70°C and taken up at a spinning speed of 3200 m/min 
(the undrawn yarn had a birefringence of 0.075 and a specific gravity of 
1.345), and subsequently, drawing and heat treatment under relaxation were 
carried out for the same undrawn yarn so that the base yarn came to have a 

10 strength of 7.1 cN/dtex and an elongation at a specific load of about 5.5%. 
The constitution of the greige cord and the conditions of dip treatment were 
the same as described in Example 1. The monofilament linear density and 
Ta were out of the claimed ranges, and as a result, both the dimensional 
stability and tenacity conversion efficiency of the dipped cord became insuf- 

15 ficient. 

Comparative Example 4 

A dipped cord was prepared by the same production process as 
described in Example 1, except that a high-viscosity resin having an intrinsic 
viscosity [IV] of 1.10 was used, the spinneret was replaced by another one 

20 having 250 holes, the filaments were allowed to cool and solidify with a 0.8- 
m/sec cooling air at 70°C and taken up at a spinning speed of 3200 m/min 
(the undrawn yarn had a birefringence of 0.071 and a specific gravity of 
1.350), and subsequently, drawing and heat treatment under relaxation were 
carried out for the same undrawn yarn so that the base yarn came to have a 

25 strength of 7.4 cN/dtex and an elongation at a specific load of about 5.5%. 
The constitution of the greige cord and the conditions of dip treatment were 
the same as described in Example 1. The toughness, monofilament linear 
density, and Ta were all out of the claimed ranges, and as a result, although 
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the strength of the base yarn was high, tenacity conversion efficiency was 
low, so that the strength of the dipped cord remained on the same level with 
that of Example 3. In addition, dimensional stability was insufficient. 

The preparation conditions and physical properties of base yarns in 
Examples 1-4 and Comparative Examples 1-4 are shown in Table 1, and the 
physical properties of greige cords are shown in Table 2, and the physical 
properties of dipped cords are shown in Table 3. 
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According to the present invention, there can be provided polyester 
fibers for rubber reinforcement and dipped cords having a combination of 
high modulus and low shrinkage, which have not been attained in the past, 
and high strength, wherein a decrease of dipped cord strength having been 
abandoned in the past to attain high modulus and low shrinkage is prevent- 
ed by a remarkable improvement of tenacity conversion efficiency in the dip 
treatment. 
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